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A method of controlling a variable gain amplifier and electronic circuit 



The present invention relates to the field of variable gain amplifiers and, more 
particularly without limitation, to continuous analogue output amplifiers having a gain that is 
selectable in discrete steps in conjunction with various switches. 



A known type of variable gain amplifier is that utilizing an operational 
amplifier wherein the gain of the amplifier is determined by the ratio of a feedback resistance 
to a series resistance. In these types of amplifier circuits the gain can be selected by setting of 
various switches in the resistor network providing the feedback. For example, US Patent No. 
10 4,855,685 shows such a precision switchable gain circuit for use as an analogue interface for 
an analogue to digital converter. 

Variable gain amplifiers are also used in television tuners, as part of control 
loops for automatic gain control (AGC). Prior art tuners use dual gate MOS transistors of 
which the DC voltage applied to the second gate allows to control the transconductance and 
1 5 thus the gain. In such prior art tuners the gain control is continuous. 

Variable gain amplifiers which enable a discrete selection of gains by setting 
of switches are not useable for such applications as television or radio tuners because an 
abrupt change of the gain causes a visible or audible signal distortion. 

The present invention therefore aims to provide an improved method of 
20 controlling a variable gain amplifier in order to reduce the amount distortion during gain 
transitions. 

The invention provides for a method of controlling a variable gain amplifier 
having at least one semiconductor device to select between first and second gains of the 
variable gain amplifier. The transition between the gain states of the variable gain amplifier is 
25 controlled by applying a sequence of control voltages to the semiconductor device to 
gradually alter the control voltage of the semiconductor device by means of a stepped 
sequence. 

This way a stepwise transition between the discrete gain states of the variable 
gain amplifier is accomplished which eliminates transition distortions. This enables the 
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application of variable gain amplifiers having discrete switchable gains to applications such 
as television and radio tuners. 

In accordance with a preferred embodiment of the invention the stepped signal 
sequence is low pass filtered before being applied to the gate of the semiconductor device 
5 which further reduces distortion during the transition phase. 

In accordance with a further preferred embodiment of the invention a sub-set 
of semiconductor switches is used for coarse gain control and another sub-set of switches is 
used for fine gain control. A desired gain is selected by selecting one or more switches of the 
first sub-set and by selecting one or more switches of the second sub-set. The selected 
10 switches of the first and/or second sub-sets need to be switched on or off. 

These switching operations are performed sequentially by gradually switching 
each one of the selected switches by applying the stepped sequence. In other words, the 
selected switches are brought into the required switching state one after the other by 
consecutively applying the stepped sequences to the selected switches. This enables usage of 
15 a single sequence generator which can be multiplexed between the switches. 

In accordance with a preferred embodiment of the invention a gate voltage 
generator circuit, and first and second reference voltage circuits are used for the generation of 
the stepped gate voltage sequence. The gate voltage generator circuit and the first and second 
reference voltage circuits are electrically equivalent to the variable gain amplifier circuit. 
20 For example the gate voltage of the switch of one of the reference voltage 

circuits is permanently tied to the supply voltage potential whereas the gate of the other 
reference voltage circuit is permanently tied to ground. The sequence generator generates a 
sequence which transitions between the reference voltages provided by the two reference 
voltage circuits. This stepped voltage sequence is used in order to control the generator 
25 circuit which provides the sequence of gate voltages for transitioning the state of the switch 
of the variable gain amplifier. 

In accordance with a further preferred embodiment of the invention an 
interface circuit is provided between the gate of the switch and the sequence generator. The 
interface circuit has the purpose of storing and holding of the steady state of the switch. The 
30 interface circuit provides a corresponding state signal to the sequence generator in order to 
inform the sequence generator of the initial state of the switch before a transmission occurs. 

When a transition from the steady state to another steady state is triggered, the 
interface circuit is switched in order to apply the stepped sequence of gate voltages through 
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the gate of the switch. When the transitional sequence has been completed the interface 

circuit is switched back in order to hold the new steady state. 

In accordance with a further preferred embodiment of the invention, distortion 

is further reduced by modulating the gate voltage of the switch with an alternating currant 
5 signal component which is present at the drain of the switch. For example, this drain signal 

can be coupled to the gate by means of a series connection of a resistor and a capacitor. 

Preferably the moderating signal amplitude is divided across several switches which further 

reduces the overall distortion. This way the modulation of the on-resistance of a MOS device 

is reduced when used as a variable resistor. Thereby non-linearity introduced by the MOS 
10 devices is significantly reduced. 



In the following, preferred embodiments of the invention are described in 
greater detail by making reference to the drawings in which: 
15 Fig. 1 shows a block diagram of a variable gain amplifier having a single 

switch and control circuitry for providing a controlled transition between the gains, 

Fig. 2 shows a variable gain amplifier having multiple switches for selection 
of discrete gains, 

Fig. 3 shows an interface circuit for providing an interface between the gate of 
20 the switch of the variable gain amplifier and the control circuitry, 

Fig. 4 shows a variable gain amplifier with reduced modulation of the on- 
resistance of the MOS switch by means of a series connection of a resistor and a capacitor, 

Fig. 5 shows an alternative embodiment of the variable gain amplifier of fig. 4, 

Fig. 6 shows a further alternative embodiment of the variable gain amplifier of 
25 fig. 4, where the modulation signal amplitudes is divided across two MOS switches. 



Fig. 1 shows a variable gain amplifier (VGA) 100. VGA 100 has operational 
amplifier 102 which provides the output signal Vout. The input signal Vin is coupled to the 
30 inverting input of operational amplifier 102 by means of resistor R0. 

Feedback of the output signal Vout to the inverting input of operational 
amplifier 102 is provided by resistor Rl, if MOS transitor switch 104 is in a non-conducting 
off-state; if MOS transitions switch 104 is in a conducting on-state, feedback is provided by 
Rl connected in parallel to resistor R2 and the on-resistance off MOS transistor switch 104. 
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By controlling of the amount of feedback by means of the MOS transistor switch 104 two 
discrete gains of the VGA 100 are selectable for the steady state. 

The non-inverting input of the operational amplifier 102 is connected to a 

voltage Vdc. 

The gate voltage VG of MOS transistor switch 104 is provided by control 
circuit 106. Control 106 has generator circuit 108, reference voltage circuit 110 and reference 
voltage circuit 1 12. Generator circuit 108, reference voltage circuit 110 and reference voltage 
1 12 have the same topology as variable gain amplifier 100 and are electrically equivalent. 

The gate voltage of MOS transistor switch Ml of reference voltage circuit 110 
is permanently tied to voltage VCC whereas the gate voltage of MOS transistor switch M2 of 
reference voltage circuit 1 12 is permanently tied to ground. 

Reference voltage circuit 110 provides at its output reference voltage Vref 1 
and reference voltage circuit 112 provides at its output reference voltage Vref 2. The 
reference voltages Vref 1 and Vref 2 are applied over a number N-l of series connected 
resistors 1 14. This provides a number of N discrete voltages between the reference voltages. 

Any one of those discrete voltages is selectable by a corresponding transistor 
switch PI, P2, P3, . . P N . The transistor switches PI, . . P N are controlled by respective 
outputs D,-, D 2 , . . . D N of sequence generator 1 16. Depending on the state of the outputs Di, 
D 2 , - . Dn one of the discrete voltages between the reference voltages is selected and coupled 
to line 1 18. By means of line 1 18, the selected discrete voltage is applied to the inverting 
input of operational amplifier 120. Preferably the selected discrete voltage is low pass filtered 
by means of low pass filter 122 before application to the inverting input of operational 
amplifier 120. 

Operational amplifier 120 receives the output voltage Vgen of the generator 
circuit 108 at its non-inverting input. The output of operational amplifier 120 is the gate 
voltage VG which is applied to the gate of MOS transistor switch 104 and also to the gate of 
the equivalent MOS transistor switch M0 of the generator circuit 108. This way the generator 
circuit 108 is regulated such that a VG results which corresponds to the selected discrete 
output voltage Vref corresponding with a certain gain setting. 

Sequence generator 116 has inputs 124, 126 and 128. A clock signal is applied 
to input 124. Input 126 is a reset input. By means of input 128, a transition between the 
steady states can be triggered, i.e. from high gain to low gain or the other way. 

For example, VGA 100 is in a low gain steady state, i.e. VG=Vcc. When 
sequence generator 116 receives a trigger signal at its input 128 this triggers the controlled 
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transition from the low gain steady state of VGA 100 to its high gain steady state 
corresponding to VG=ground voltage. 

The first element of the sequence is to switch on transistor PI in order to select 
voltage Vref 1. This is done by asserting signal output Di of sequence generator 116. After a 
certain pre-determined time interval, for example with the next clock pulse at input 124, 
output D\ is de-asserted and output D2 is asserted in order to switch on transistor P2 for 
selection of a Vref which is one incremental step above Vrefl. This results in a 
corresponding decrease of VG which is applied to the gate of MOS transistor switch 104. 

After the next predetermined time interval has passed D 2 is de-asserted and D3 
is asserted in order to switch on transistor P3 for the next incremental increase of Vref. This 
process continues such that Vref is step wise increased from Vrefl to Vref2. This results in a 
corresponding change of VG such that VGA 100 transitions from its low gain steady state to 
its high gain steady state in a controlled way which limits transient non-linear effects and 
thus distortion. 

Fig. 2 shows an alternative embodiment of VGA 100 with multiple MOS 
transistor switches 104. In the example considered here a number of nine switches is 
provided for course gain control and a number often switches is provided for fine gain 
control. The below table 1 shows a truth table for gate signals A to I for the coarse gain 
control and below table 2 is the truth table for gate signals J to S for the fine gain control. 
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Table 1 (coarse steps) 
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Table 2 (fine steps) 



WO 2004/093312 



PCT/IB2004/050415 



6 

In order to control the transition between two discrete gains of the VGA 100 
of fig. 2 control circuit 106 can be multiplexed in order to avoid a separate control circuit 106 
for each one of the signals A to S. This can be done by means of the interface circuit 130 of 
fig. 3. 

5 In the embodiment of fig. 3, VGA 100 of fig. 2 is used; the gate voltages of 

the MOS transistor switches 104 (signals A, B, S) require transition control depending on 
the selected discrete gain. 

Interface circuit 130 is connected to signal A of VGA 100. Interface circuit 
130 has flip flop 132 for storing the current steady state of the MOS transistor 104 which is 
10 controlled by gate signal A. As there are only two alternative steady states for the current 

switching condition of MOS transistor switch 104, switch S2 is either connected to Vcc or to 
ground. This potential is coupled to signal A by means of switch SI. 

The Q output of flip-flop 132 provides signal pState which is coupled to 
sequence generator 116 (cf. Fig. 1) in order to inform sequence generator 116 of the current 
15 steady state of the VGA100. During a transition from one steady state to another, the position 
of switch SI is changed such that the signal VG provided by control circuit 106 is coupled to 
signal A. After the transitional phase the switch SI is moved back to its initial position; also 
the position of switch S2 has been changed such that the new steady state is held. 

After the transition has been completed control circuit 106 can be coupled to 
20 the interface circuit 130 of signal B or another one of the signals B to S depending on the 
required switching operations. By providing interface circuit 130 for each one of the signals 
A to S control circuit 106 can be multiplexed such that the required transitions of the 
switching states of the MOS transistor switches 104 are sequentially accomplished. 

In operation the following method is performed by means of interface circuit 
25 130 and control circuit 106 in order to perform the quasi continuous gain transition: 

- coupling of the output signal VG of control circuit 106 to the VG input of 
interface circuit 130 and coupling of signal pState of interface circuit 130 to input 128 of 
control circuit 106. This is accomplished by means of a multiplexer which multiplexes the 
output VG of control circuit 106 to the various interface circuits 130 and the pState signals of 

30 the various interface circuits 130 to the signal control circuit 106 i.e. input 128, 

- set 4 enable = 1' to activate interface circuit 130, 

- reading of signal pState at input 128 by sequence generator 1 16 (cf. Fig. 1), 

- set the begin value of the output signal VG of the control circuit 106 to 
match the VG value corresponding to the current switch position as indicated by pState, 
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- apply signal Tl to toggle flip-flop 134; this way the position of SI is changed 
in order to select the external VG input from control circuit 106, 

- start the stepwise transition of VG by sequentially switching on the 
transistors PI to P N , 

5 - apply signal Tl to toggle flip-flop 134 in order to bring back switch SI to its 

initial hold position. At the same time T2 is applied in order to trigger flip-flop 132 to set 
switch S2 to the voltage potential corresponding to the new steady state, 

- disable interface circuit 130 by setting 'enable = 0% 

- couple control circuit 106 to the next gate signal input of a MOS transistor 
10 switch 104 requiring a transition of its switching state. 

Fig. 4 shows an alternative embodiment for a variable gain amplifier 400. Like 
elements in Fig. 4 of variable gain amplifier 400 are designated by the same symbols as in 
variable gain amplifier 100 of fig. 1. 

In the embodiment of fig. 4 the modulation of the on-resistance with twice the 
15 frequency of the input signal V in is reduced by modulating of the gate voltage of MOS 

transistor switch 104 with the AC signal which is present at the drain of the MOS transistor 
switch 104. This is accomplished by coupling the drain of transistor switch 104 to the gate by 
means of a series connection of resistor 136 and capacitor 138. 

The AC voltage between the drain and the source depends on the on-resistance 
20 of the MOS transistor switch 104. Due to the fact that the MOS transistor switch 104 is a 

symmetrical device the drain and the source can be interchanged. The voltage at the gate with 
respect to the terminal carrying the lowest potential determines the channel on-resistance. 
This non-linearity is compensated by the modulation of the gate voltage. 

Fig. 5 shows a possibility to further reduce this modulation by making the gate 
25 source AC voltage the average value of the voltages at drain and source. The resistors R3 and 
R5 are equal as well as the capacitors C2 and C3. Therefore the signal present at the gate is 
the average of the signals present at drain and source. This way the linearity of the variable 
gain amplifier 500 of fig. 5 is further improved. 

Fig. 6 shows a further embodiment for variable gain amplifier 600. In the 
30 embodiment of fig. 6 the fixed feedback resistor is split in two Rl and R3 and the center tap 
is connected via capacitor CI to the gates of MOS transistor switches 104. Transistors R4 and 
R5 are used to reduce the influence of parasitics. 
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REFERENCE NUMERALS: 



100 


variable gain amplifier 
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mos transistor switch 
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reference voltage circuit 
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reference voltage circuit 
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input 
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interface circuit 
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flip-flop 
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capacitor 
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variable gain amplifier 
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variable gain amplifier 
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variable gain amplifier 



